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Ship stability characteristics

As to how wave motion causes
a ship to roll, we must first
consider the stability character-
istics of a ship. Any floating
object, including a ship, will sink
into a fluid until such time as the
force of gravity acting vertically
downwards is opposed equally by
the force of buoyancy acting ver-
tically upwards. These two forces
may be said to be concentrated
at two points within the hull of
a ship termed centre of gravity
and centre of buoyancy respec-
tively (see Fig. II. 30). The centre
of gravity is determined by the
disposition of the weights of the
hull itself, and of all cargo, fuel,
water and consumable stores lo-
cated therein. The centre of
buoyancy is determined by the
shape and area of the "wetted"
surface of the hull. In the normal ship, in smooih water when upright, both
centres are located on the central vertical line, and there is no tendency to
list the vessel either to port or starboard. When subjected, however, to
wave motion as in Fig. 11.31, the shape and area of the wetted surface
of the hull are altered, and the centre of buoyancy moves out towards
the side having the greater wetted area. A couph is now effected by the
force of gravity acting downwards through the centre of gravity, and
the force of buo'yancy acting upwards through the new centre of buoyancy,
tending to roll the vessel towards the side having the smaller area of
wetted surface. As the wave passes under the keel the centre of bouyancy
shifts to the other side, and a reversing couple is exerted tending to roll
the vessel back in the opposite direction. If the natural rolling period

of the ship is coincident, or nearly
coincident, with the period of the
wave impulses, a roll of increasing
angular amount will be built up
until aperiodic factors intervene,
when the roll will die down only to
be built up again in like manner.

Fig. 11.33. In this figure G is the centre of
gravity, B the centre of buoyancy when
vessel is upright and B! the centre of
buoyancy when listed. M, the metacentre,
is the point where the force of buoyancy
acting vertically upwards through BI
intersects the centreline. GM is the
metacentric height and GZ the righting
lever.
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Fig. 11.32. The rolling of a ship builds
up from a small initial movement to
a point where aperiodic conditions
intervene. The roll then quickly dies
away only to be built up again by
succeeding wave impulses. This figure
shows a typical rolling record in which
Q is the rolling increment by which
successive oscillations, B and A, are
increased or decreased.

Rolling characteristics

No ship rolls steadily, without
variation of angular amount, even
if the periods of wave impulse
and natural roll are virtually co-
incident, because the roll period
increases slightly as the amplitude
of roll increases. This is due to
the water friction becoming